This critical study of atrophy of the heart is based upon a detailed analysis of 85 proved cases. The clinical, roentgenographic and electrocardiographic features are considered to be sufficiently distinctive to facilitate antemortem recognition. The clinical implications of atrophy of the heart and the reversibility of atrophy and hypertrophy are emphasized.
ATROPHY of the heart is defined as an acquired reduction in the size and mass of this organ. While hypertrophy has been the subject of considerable study and investigation, the entity of atrophy has been in the main overlooked and neglected. Rarely do modern textbooks on cardiology mention it, and then only to dismiss it with a few lines pointing to its rarity and lack of clinical significance. However, recent reports on the effects of prolonged bed rest23-34 and starvation35-44 on the cardiovascular system have focused attention on the reversible changes occurring in the hearts of such patients which appear to be comparable to those occurring in cardiac atrophy. For this reason it was thought advisable to study atrophy of the heart, placing particular emphasis on the following aspects: (1) incidence, (2) etiologic factors, (3) gross and microscopic pathologic features, (4) clinical, radiologic and electrocardiographic picture, and (5) cardiovascular functional status.
MATERIAL AND METHODS The protocols of 2,000 consecutive autopsies performed in the Institute of Pathology, Western Reserve University, between March 31, 1941, and October 21, 1946 , were reviewed. The 85 cases in which the diagnosis of atrophy of the heart had been made were selected for further study and analysis. The clinical histories, electrocardiographic tracings, x-ray films of the chest and pathologic sections of the heart were re-examined and analysed in detail. These observations, and their correlation, together with a survey of the literature available on the subject, form the material for this report. This study was made possible by the Dazian Foundation in 1948 and by the U. S. Public Health Service, Division of Research Grants and Fellowships in 1949. HISTORICAL REVIEW Atrophy of the heart has been recognized since the birth of morbid anatomy. According to Gibson,1 atrophy of the heart was described for the first time as a definite pathologic entity by Riolan in 1649. 9 The first full description, however, including clinical observations, was recorded by Senac in his Treatise on Heart Disease (1749). 3 Senac recognized that hearts with diminished volume were the result of chronic systemic diseases, and cited an instance from his personal experience of a soldier who was found to have a very small heart covered by thickened pericardium. He claimed that the ancients were aware of "phthisie" of the heart and that even the Kings of Egypt recognized this condition among cadavers. He considered palpitation as the only symptom of atrophic hearts and mentioned the juice of horse-radish as the only efficacious remedy. Burns4 (1809) in his book on diseases of the heart devoted a section to atrophy. Bertin5 (1833) classified atrophy into the following morphologic groups: (1) Concentric type the cavity is diminished in size, but the wall remains the same. (2) Aneurysmal type the walls are markedly thinned and the heart chambers dilated. (3) Simple type the muscular walls are thinned with little change in the volume of the heart. Bouillaud6 (1841) followed this same classification and gave a detailed clinical description which has since been unexcelled. He pointed out the fallacy of using the thickness of the ventricular wall, particularly in the concentric type, as an index of atrophy. In such cases the wall may appear normal or relatively more thickened than normal while the heart weight may be one-third or one-fourth of the normal. He presented 7 cases of atrophy with 93 an average heart weight of 175 grams, and emphasized that the weight and volume do not diminish in the same degree. Clinically, the following features were noted: distant heart sounds, diminished precordial activity, decreased precordial dullness, and small and narrow pulse. Atrophy was considered to be secondary to local factors, such as prolonged compression by pericardial effusion, or to generalized illnesses during which there is inade-(}uate nutrition, such as the marasmus secondary to chronic disease of the gastrointestinal organs, tuberculosis, cancers, and typhoid fever. Stokes7 (1855) met this condition particularly in patients dying of chronic tuberculosis and considered the process as part of the general absorption of all muscular tissues resulting in diminution of volume and power. Bam-berger8 in his Lehrbuch der Krankenheiten des Herzen (1857) gave a first-hand description of the appearance of such hearts at autopsy. He stated that atrophy appears diffusely throughout the organ and may be so great as to produce reduction in size to one-half of the original volume and weight. The heart appears pale with diminution, in most cases, of the surrounding fatty tissue, although sometimes the amount of fatty tissue may be increased. The coronary vessels appear more tortuous than normal and usually there is increased fluid in the pericardial sac.
Quain (1872)9 reported a series of 171 patients with tuberculosis, in which he found that in 67 per cent of the females and in 53 per cent of the males the heart was small. There was particularly marked reduction in the size of the heart in two patients: an 8 year old girl with a heart weighing 60 grams, and a 14 year old girl with a heart weighing only 82 grams.
Audeoud and Jacot-I)escombes (1894)10 quoted Chomel as having reported the case of a man whose heart was no larger than a hen's egg, and cited a case of their own in which the heart weighed only 135 grams. The affected heart may he dark brown in color, owing to accumulation of pigment granules. To this type of atrophy Audeoud and.Jacot-Descombes gave the name "brown atrophy" (atrophie brune). They quoted Friedreich, Zielenko, and Goldenberger as having shown that microscopically the fibers of atrophic hearts are smaller than those of the normal heart.
Gibson1 was the first to mention low blood pressure as part of the clinical picture and observed that in his experience the pericardial sac contained less rather than increased fluid as had been previously claimed.
In the early part of this century the role of inanition in the production of atrophy of the heart was clarified by Voit, 1905,11 who showed that in starvation in experimental animals the heart loses a significant percentage (16 per cent) of its original weight. Subsequently, evidence was presented indicating that in starvation, heart weight loss occurred in about the same proportion as, or in smaller proportion than, the loss of body weight.'217 A survey of the more recent standard textbooks on cardiology and internal medicine revealed that in only three was mention made of this entity."8'0 Levine and Carr'7 presented the pathologic observations on 10 cases of atrophy. Katz and his collaborators2' reported 3 patients with brown atrophy associated with electrocardiographic changes, and Willius22 reported a case of atrophy of the heart in a patient with marked inanition secondary to carcinoma of the stomach and stated that atrophy of the heart is a rare condition.
Recent physiologic studies on convalescence, bed rest and starvation have shown wasting of muscles; decrease in heart size, cardiac output, blood volume, blood pressure, pulse pressure, cardiac reserve, vasomotor tone, and exercise tolerance; and characteristic electrocardiographic changes. 23 43 The reversible nature of atrophy has been illustrated experimentally, and particularly well clinically, by the recovery of inmates of concentration camps after liberation. Blaha44 reported the high incidence of small hearts and low blood pressure (systolic pressure less than 75 mm. of mercury) among starved prisoners, and recovery by refeeding without apparent residual ill effects. INCIDENCE The 85 cases of cardiac atrophy studied represent an incidence of 4.25 per cent; of these, 44, or 2.2 per cent, were brown atrophy, and 41, or 2.05 per cent, simple atrophy. In a previous series of 2,000 consecutive autopsies by Wartman and Hellerstein45 at the same institution, only 19 cases of atrophy of the heart were encountered. This higher incidence in our series is probably due to the increasing emphasis and recognition of this entity in recent years.
PREDISPOSING FACTORS
Age: Table 1 shows the age distribution of the patients with brown and simple atrophy and of the total group. It is significant that patients in the simple atrophy group were twenty years younger than those in the brown atrophy group. This is related to the well estab- Total Group there were three times as many females in our series of patients with atrophy of the heart as would be expected. Thus, there was an absolute and relative predominance of females in the whole group, and a predominance of females in the simple atrophy group as compared with the brown atrophy group. The high incidence of females in the simple atrophy group is probably related to the high incidence of malignant tumors of the reproductive organs among young women (table 3) .
Color: Seventy of the patients were white, and 15 were Negro, making a ratio of 4.7:1. There was no significant difference in color distribution when compared to the ratio of 4: 1 in the total autopsy population.
Debilitating Diseases: The main pathologic diagnoses are listed in detail in table 3 Table 2 shows the sex distribution and compares the female to male ratio in our series w-ith that found in the total autopsy population at the Institute of Pathology. When the corrected ratio was compared with that of the total autopsy population it was evident that summarized in table 4, and demonstrate that atrophy of the heart occurred in conjunction with a variety of diseases, the most important of which were neoplasms (73 per cent or sixtytwo of eighty-five cases) and chronic infections (16 per cent or fourteen cases). The common factors predisposing to generalized body and cardiac atrophy will be discussed in detail later.
PATHOLOGIC ANATOMY
Criteria for Diagnosis: The diagnosis of atrophy of the heart was made on the basis of the following criteria47 as evidence of acquired reduction in size of the heart and its fibers: (1) decreased weight, (2) increased pigmentation of muscle fibers, (3) serous atrophy of subepicardial fat, (4) wrinkling of the epicardium, (5) tortuosity of coronary arteries, (6) increase of nuclei: muscle fiber ratio, (7) decrease of muscle fiber size.
In the subsequent discussion, it wviii be shown that not all of these criteria were required to be present for the diagnosis of atrophy of the heart in each case. tion20 give an average of 300 grams for males and 250 grams for females.
In our series of patients the range of weight was 99 to 300 grams and the average heart 
Weight of Heart
There is considerable variation in the accepted range of normal weight of the heart, and of the average heart weight. R6essle and Roulet45 cite 317 grams for males and 275 grams for females, with an overall average of 296 grams; Cambridge Public Health Service49 gives 315 to 390 and 220 to 350 grams for the range of males and females respectively. Saphir50 and the New York Heart Associa-weight w-as 219 grams (Fig. 1 ). This latter figure is definitely below any of the accepted normal values. The mean weight of the heart in the brown atrophy group was 231 grams, and in the simple atrophy group 205 grams. The range in the former group was 150 to 300 grams, and in the latter 99 to 250 grams (tables 5, 6). The heavier hearts were found in the brown atrophy group whose members were twenty years older and had heavier and longer Brown Simple Atro-Atrophy, phy, Number Number bodies than the members of the simple atrophy group. The average heart weight of the males was greater than that of the females in both groups: in the brown atrophy group the average heart weight of the males was 249 grams, of females 212 grams; in the simple atrophy group the average heart weight of males was 217 grams, and of females 202 grams. The New York Heart Association20 has accepted the ratios of H. L. Smith, i.e., 0.43 per cent for normal males, and 0.40 per cent for normal females. Upon critically reviewing the original thesis, we have found a serious fallacy in the basis from which Smith's ratios were derived. This fallacy, we believe, invalidates the acceptance of his ratio. Smith used the weights of the hearts of patients with carcinoma of the "stomach, breast, colon and sigmoid, tumor of the brain, and peritonitis following operation for lesions of the gall bladder, bowel, prostate, and kidneys."57 As indicated previously, numerous experimental studies before and after Smith's report have clearly demonstrated that the heart participates in the generalized atro-phy of body inanition and enforced rest.'4 15 Smith assumed that the above-listed diseases did not affect the size or weight of the heart, and, instead of comparing the weight of the heart with the actual body weight at autopsy, he compared the heart weight with the normal weight of the patient before admission to the clinic. Smith admitted that the difference between the weight at entrance and the normal weight was considerable. In cases of malignant tumors, this difference was from 20 to 40 pounds. For this reason, Smith's ratios for normal people are smaller than those of other studies. We are certain that there were many patients with atrophy in Smith's series. Thus, the smallest heart of a female in the adult age group in his study was 110 grams, and of the adult male 155 grams. The mean body weight of our total group was 47 Kg., with standard deviation of 9.2 and standard error of the mean of 1.02. The members of the brown atrophy group were slightly heavier than those of the simple group; the former had a mean body weight of 48 Kg., wi'th a standard deviation of 8.3 and standard error of the mean of 1.26; the latter had a mean body weight 46.1 Kg., standard deviation of 10.2, and standard error of the mean of 1.63.
In 82 patients whose heart and body weights were recorded in the autopsy protocols there was a definite correlation between body weight and heart weight. The coefficient of correlation, as calculated from the formula SX1X > 1 V(SX12) (SX22)' equals 0.465 for 82 observations. The probability that this correlation occurs by chance is less than 1 to 100. In table 7 and figures 2, 3, and 4, the heart weight to body weight ratios of 82 patients with atrophy of the heart are presented. The ratio was calculated by dividing the heart weight in grams by the body weight in grams at autopsy, and multiplying by 100. The average heart to body weight ratio of the whole group was 0.48. The average ratio of males of the whole group, the brown atrophy group, and the simple atrophy group was higher than that for females for the same groups (table 7) . Also, the average ratio of the brown atrophy group was greater than that of the simple atrophy group, i.e., 0.50 and 0.46 respectively. In figure 4 , the wide scatter of the values of the ratio of heart to body weight in atrophy is apparent. Eighty-seven per cent of our cases fall between 0.35 to 0.60. The figures of Green-degree than does the body, since the heart weight-body weight ratio is lower than in normal individuals. How-ever, some of our patients had ratios above normal, indicating that the heart had lost less mass than the body. The conclusion that the heart loses mass with the body is in accord with the clinical and pathologic observations of Krieger 1 and of Levine In figure 5 , the distribution of the ratio of heart weight to body length is plotted, with 70 per cent of the cases falling in the zone from 1.20 to 1.60. Since our patients had attained their adult body length before the onset of their illness which produced body and cardiac atrophy, and since body weight and body length are interdependent (Brodie96) it is not surprising that there is a significant correlation between heart weight and body length in our cases ( fig. 6 ). The coefficient of correlation, r = 0.383 for 81 observations, indicates that this correlation could occur by chance less than once in 100 instances. The higher correlation between heart weight and body weight may be due to a greater loss of body weight than of body length. Although we do not have direct evidence in our cases, it is probable that decrease in body length is mainly due to absorption of cartilage especially in the intervertebral discs.
Myocardium
Gross Description: Color. The myocardium of the hearts with brown atrophy (44 cases) showed a definite relative increase of pigmentation grossly. In the original protocols, the fresh specimens were described as being very pale brown in 3 cases, dark brown in 17 cases, dark reddish-brown in 27 cases, and yellowishbrown in 3 cases. In the simple atrophy group (41 cases) the myocardium had a less intense brown color; in 11 subjects it was described as being pale brown, in 23 reddish brown, in G medium brown, and in one yellowish brown. In both groups, generalized icterus was present in those subjects whose myocardium had a yellow hue.
Consistency. The consistency of the fresh specimens varied in each group; in some subjects the myocardium was more flabby and soft than is normal and in others more firm and compact. In the simple atrophy group, 19 specimens were of normal consistency, 11 were softer than is normal, and 11 were firmer. In the brown atrophy group, 10 were of normal consistency, 11 softer than is normal, and 23 firmer. The greater incidence of myocardial fibrosis in the brown atrophy group may explain the firmer consistency manifest in this group.
Thickness of rentricular walls. In table 8 a comparison is made of the thickness of the walls of the left and right ventricles. The wall of the left ventricle was measured 1 to 2 cm. below the auriculoventricular ring of the mitral valve on the lateral border of the left ventricle, and the right ventricle was measured 1 cm. below the pulmonary ring. The thickness of -Male = Female ma AIn epicardium, subepicardial fat, endocardium, and columnae carnae was excluded. The average thickness of the right ventricle in 81 subjects was 3.3 millimeters. The range varied from 1 to 6 mm.; in one subject the wall measured 1 mm., in 8, 2 mm. or less, in 2, 5 mm., and one, 6 mm. Measurements in the remaining subjects ranged from 2 to 4 mm. The left ventricle was thicker in the brown than in the simple atrophy group, with an average thickness of 13.1 and 12.1 mm. respectively. The range of thickness of the left ventricular wall in the two groups was similar, from 7 to 19 mm., with an average thickness of 12.6 mm. for both groups. In one patient from both groups the wall measured 19, 16, 8, and 7 mm. and in two subjects it was 9 mm. thick. Measurements in the remainder The average thickness of the walls of the right and left ventricles of atrophic hearts is slightly less than that of the average normal hearts studied at the Institute of Pathology, Western Reserve University, or elsewhere,50 but is within the lower limit of the normal range. In any individual case, the thickness of the ventricular wall is not a measure of the total heart mass. Such measurements are of value only if the capacity of the ventricular cavity is considered.
The capacity of the ventricles was considered to be unchanged or reduced in 73 of 85 subjects. However, in 12 patients (7 with simple and 5 with brown atrophy) there was definite dilatation, most marked in the right ventricle, with thinned walls and flattened columnae carnae and papillary muscles. Simi- of the subjects were included in the range of 11 to 14 mm. The ratio of the thickness of the left ventricle to that of the right ventricle varied from 11: 1 to 2: 1. In 3 cases the ratio was 10: 5, 8:4, and 7:3. In the remaining cases the ratio ranged from 11:1 to 3:1, with an average of 3.8:1. The patient with a ratio of 7:3 was a 16 year old girl with anorexia nervosa and severe inanition. The electrocardiogram showed a tendency to low voltage, and indicated "right heart strain, or hypertrophy." At autopsy the heart weighed 99 grams. The right ventricle was relatively thick when compared to the left, as indicated by the shift of the ratio. Therefore, atrophy of the left ventricle was greater than that of the right, and thus produced relative right ventricular preponderance, explaining the electrocardiographic findings.' lar observations were made by Bertin,5 and by Bouillaud.6 External heart measurements. The average base to apex, and transverse (base) measurements of the whole atrophy group were 8.7 and 8.3 cm. respectively (table 9) . These values are definitely lower than the average normal measurements,48 and objectively indicate the small size of the atrophic heart.
Microscopic Examination: The microscopic sections of each heart were examined again and our observations were compared with those of the autopsy protocols. There was excellent agreement, so that we believe the following observations are pertinent.
In brown atrophy of the heart, microscopic examination revealed an excess amount of pigment which was golden brown, or golden yel- low, in sections stained with hematoxylin and eosin. The pigment was in the form of coarse, roughly rounded granules, varying in size. Characteristically, the pigment granules were located in the sarcoplasm at the poles of the nuclei and frequently occupied the entire region of the myocardial fiber between adjacent nuclei. The latter may represent a more advanced stage of brown pigmentation ( fig. 7 ). In simple atrophy of the heart there was not an increase of peripolar pigment.
The exact source and the composition of the pigment are still undetermined."-"5 The deposition of brown pigment in the heart begins normally at the end of the first year of life, with a more marked pigment formation after the individual is 45 years of age (Jelinghoff46).
The pigment has been identified by various workers as lipochrome free from iron,54 hemosiderin, and hemofuscin and melanin.53 Similar indecision exists as to whether the increase of brown pigment is relative or absolute in brown atrophy of the heart.
The muscle fibers were arranged compactly in 78 hearts, and loosely, with increased spaces between fibers, in 7 hearts (4 with brown and 3 with simple atrophy). There was a greater predominance of narrow, "attenuated," shorter fibers than is usually found. In 51 hearts (31 with brown, 20 with simple atrophy) the fibers were markedly narrowed and twisted ( fig. 8 ), some resembling the myocardial fibers of the newborn, with few fibers retaining the usually uniform cylindrical shape.56 However, longitudinal and transverse striations were preserved.
In the above-mentioned 51 hearts with fairly uniformly decreased transverse fiber width, the limit of atrophy may have been attained in a fashion similar to the attainment of maximum transverse diameter in hearts which have hypertrophied (Karsner, Saphir, and Todd68). In the remaining 34 hearts (14 with brown, 20 with simple atrophy) the fibers were considered to be within normal limits. There was a variation of fiber width from small to large, with a predominance of fibers of intermediate size.
In the entire group of 85 hearts, there was a tendency for more of the small fibers to be located in subepicardial positions, than in intramural or subendocardial positions.
The nuclei also varied in size and shape. In 33 hearts (20 with brown, 13 with simple atrophy) the nuclei were all smaller than normal. In the remaining hearts there was considerable variation in the same heart in the size of nuclei, some of which were hyperchromatic and no larger than a good-sized lymphocyte, and others large with blunt ends, similar to those found in ventricular hypertrophy. In figure 9 , for example, there are large fibers and long broad nuclei with squared ends in a section from the 220 gram heart of a 33 year old normotensive Negro woman who died from neurofibromatosis. In other fields of the same section there were small and medium-sized oval nuclei.
The ratio of the number of nuclei to the number of muscle fibers was estimated by inspection, and was considered to be within normal limits in 45 hearts, slightly to moderately increased in 31, and greatly increased in 6.
For a more precise method of evaluating nucleifiber ratio the excellent report of Karsner, Saphir, and Todd68 should be consulted. The increase of the nuclei-fiber ratio was more marked in the brown atrophy group, since 80.5 per cent (33 of 41 hearts) of the simple and 26.7 per cent (12 hearts) of the brown atrophy group were estimated to have normal ratios. In sections of those hearts with increased nuclei-fiber ratios, there was no evidence indicating nuclear mitosis or division. The increase of nuclei is therefore considered to be relative and not absolute. These observations are in accord with those of Karsner, Saphir, and Todd,68 and likewise confirm the results of Edens69 who demonstrated an increase of purine nitrogen (nuclear) in atrophy of the heart, indicating a relative increase of nuclear substance.
The exact nature of the process by which myocardial fibers undergo reduction in size is still unknown. Theoretically, atrophic cells should be simply reduced in size. Bradley90' 91 considers this process to be autolytic, brought about by chemical liquefaction of the tissue proteins, and catalysed by enzymes present in the cell. The autolytic mechanism has been assumed to explain the atrophic shrinkage of surviving tissue cells, and their return to nor-mal mass again in hypertrophy. The conditions which lead to autolysis and atrophy, and those which favor synthesis and hypertrophy, have been described in detail by Bradley.91 
Pericardium
The subepicardial fat varied in amount and nature. In 44 subjects the subepicardial fat was scant or almost entirely absent. In 39 there was an average amount of fat, and in 2 (with simple atrophy) there was an increase of subepicardial fat. In the latter 2 patients the heart and body weights were 220 Gm., 44 Kg., and 220 Gm. and 67 Kg., respectively.
Serous atrophy of subepicardial fat occurred more frequently in the brown than in the simple atrophy group (17 cases in the brown atrophy and 6 cases in the simple atrophy group). The fat in the auriculoventricular sulci, anterior and posterior interventricular grooves, and over the atria was described as being pale, yellow, or yellowish orange, translucent, watery, gelatinous, or mucoid. Microscopically, the fat cells were small, and partially collapsed, with discrete or confluent vacuolated spaces at their peripheral boundaries. There was a relative increase of fat cell nuclei per high-power field, and in addition FIG. 10.-Serous atrophy of subepicardial fat in a 16 year old girl with anorexia nervosa. The fat cells are small and partially collapsed, with vacuolated spaces at their peripheral boundaries. The apparent increase of cellularity is due to sparse exudation of lymphoid cells and greater prominence of supporting stroma. A 9214. Heart showed simple atrophy and weighed 99 grams. (A 9214.) (Hematoxylin and eosin. II Homal, green filter. X 80.) there were scattered exudative cells of the small round cell type with hyperchromatic nuclei, slightly more frequent in perivascular spaces than elsewhere (fig. 10 ). The apparent increase of cellularity is presumably due to the greater prominence of the supporting stroma and the sparse exudate of lymphoid cells. In 3 patients, subepicardial petechiae occurred, and were probably a terminal event.
Fat infiltration occurred in 12 subjects (8 with simple, 4 with brown atrophy). The range of their heart weights was 200 to 240 Gm., with an average weight of 220 Gm. Although there was evidence of acquired reduction of heart mass, such as wrinkled epicardium, tortuosity of vessels, small fibers, and pigmentation, in 7 subjects there was moderate fat infiltration with local atrophy of the myocardium, in addition to the generalized cardiac atrophy. Fat infiltration was particularly marked over the right ventricle in 6 of 7 patients. Saphir and Corrigan66 have also noted a similar localization of fat infiltration over the right ventricle.
The epicardium was wrinkled, but smooth, transparent, and glistening in 79 subjects. In 5 there were fibrous adhesions and the visceral and parietal pericardium was slightly thickened. In one patient the sac was obliterated by nonconstrictive fibrous pericarditis. Atrophy of the heart in association with constrictive pericarditis has been attributed to the effect of decreased heart work.67 In our patient, the pericarditis was nonconstrictive, and the severe inanition secondary to chronic bronchiectasis with recurrent pneumonitis was adequate to account for the atrophy of the heart.
There was a surprisingly low incidence of hydropericardium in our series, in view of the reference in the older literature of the association of atrophy of the heart with pericardial effusion. There were 3 patients with 75, 150, and 315 cc. of fluid, respectively, in the pericardial sac.
Coronary Arteries
Increased tortuosity of the coronary arteries is considered as evidence of loss of myocardial mass, without corresponding diminution of the length of the coronary arteries ( fig. 11 ). There was excessive tortuosity in the absence or presence of coronary arteriosclerosis. Extreme tortuosity of the coronary arteries was noted in 30 of 85 subjects, and was twice as common in the brown as in the simple atrophy group. The incidence of moderate to marked coronary arteriosclerosis with stenosis was similarly greater in the brown atrophy group, i.e., 16 cases in the brown and 8 in the simple atrophy group. Likewise, moderate to marked arteriosclerosis of the aorta occurred in 20 patients with brown and 12 with simple atrophy. These findings are compatible with the older average age of the former group. Increased tortuosity, however, was also noted in the hearts of subjects with simple atrophy with only slight arteriosclerosis (occasional intimal nonstenosing plaques). Two patients had old thrombosis of the anterior branch of the left coronary artery, and old infarets of the anterior apical left ventricle and interventricular septum. In a third patient a ballooning of the leaflets toward the atria during systole. The competency of the A-V valves under these circumstances is dubious.
Valvular Measurements: In Table 10 , the ring circumferences of mitral, aortic, pulmonic, and tricuspid valves are listed. Consistently the average circumference of each valve was greater in the brown atrophy group. The values of the average measurements of the entire group 
Valves
Valvular structures undergo less shrinkage than does the myocardium in atrophy of the heart. Upon examining an additional 25 atrophic hearts, we have noticed that the valves, especially the tricuspid, appear relatively large in comparison to the mass of the papillary muscles and free walls of the ventricles. The chordae tendineae are long and slack, possibly allowing are within the lower limit of the accepted normal range. 48' 49, 50, 71 Valvular Disease: The valves were involved by disease in 37.6 per cent (32 subjects). Three patients had chronic deforming rheumatic endocarditis, with stenosis and insufficiency of the mitral and aortic valves in 2 subjects, and mitral insufficiency in one. There were 29 cases of healed nondeforming valvulitis (19 brown, 10 simple). The criteria for the diagnosis of healed nondeforming valvulitis were those presented by Karsner and Koletsky.70 Qualita-tively, nondeforming disease of the A the same features as those noted in rheumatic disease. The difference 1 "fact that quantitatively the variou have not progressed to a deformity in degree to alter function."70 In ow as in those of Karsner and Kolets was polyvalvular involvement, wit] mitral disease in 5 patients and mu vular disease in 24, with the followi nations: mitral and aortic; mitral, a Other M1yocardial Lesions Myocardial Fibrosis: Larger and n of myocardial fibrosis were found in than in the simple atrophy group, wh sistent with the older age of memb former. In the brown atrophy grc were 23 patients with slight and 1 with severe myocardial fibrosis; in l group, 21 and 1 patient respective cardial infarcts occurred in 3 patien the simple and 2 in the brown atrop These infarcts were old, and small. mainder of the patients there was n microscopic evidence of fibrosis.
valves had
Nonspecific Interstitial Myocarditis: Slight outspoken nonspecific interstitial myocarditis occurred in ies in the 4 Atrophy of all organs occurred in varying degrees in our patients with atrophy of the heart. The diagnosis of atrophy was made specifically in the autopsy protocols as follows: iitral, aorliver in 18 cases (6 brown, 12 simple); skeletal muscles, 48 cases; thyroid, 13 cases; pancreas, 9 cases; brain, 6 cases; stomach, 4 cases; kidneys, 4 cases; adrenals, 4 cases; spleen, 3 cases; nore areas reproductive organs, 16 cases; and serous atrothe brown phy of all body fat in 7 cases. Undoubtedly, the aich is con-actual incidence was greater than that listed.
hers of the In table 11, the average weights of various )up, there organs are shown to be less than the accepted 1 patients normal values. In listing the average weights, the simple organs which were the seat of primary or secely. Myoondary tumor involvement or inflammation ts one in were excluded. The lungs were not listed, behy group. cause of the surprisingly high incidence of sig-In the re-nificant disease in our series, i.e., 56 of 85 o gross or patients. In many patients, multiple pulmonary lesions were present: 46' patients with bronchopneumonia, 7 with pulmonary tuberculosis, 26 with tumor (22 metastatic, 4 primary), and 8 with pulmonary infarction. The incidence of bronchopneumonia was higher in the brow-n atrophy group, i.e., 27 cases in the brown and 19 in the simple atrophy group.
CLINICAL FEATURES Etiologic Factors
In the preceding section it was shown that atrophy of the heart occurred in association with a variety of diseases and was a part of generalized atrophy of the body. The clinical Duration of Illness: Table 12 shows that the duration of illness in the brown and simple atrophy groups is essentially similar. In the total group, only 10 patients were ill for six months or less, 20 for six to twelve months, and the remainder for more than a year. The 10 patients with relatively short illness of six months or less included 5 patients with carcinoma of the gastrointestinal tract (2, esophagus; 2, rectum; 1, stomach), 2 with tuberculosis, 2 with liver disease (hepatitis and cirrhosis), and 1 with carcinoma of the ischiorectal fossa. The 13 patients with illnesses lasting five to 85 seventeen years had surgically treated carcinoma of the cervix, ovary, penis, or stomach; chronic ulcerative colitis; depressed psychosis; bronchiectasis with recurrent pneumonia; and frontal meningioma. Time Bedridden: The duration of time that a patient spends in bed during a protracted illness is probably an important factor in determining the extent of body wasting33. In well controlled studies on healthy young men, it was shown that after three weeks of bed rest, there was a decrease of blood volume and heart size, an increase in resting pulse rate, and a decreased capacity to perform a standard amount of work. In these experiments the body weight was kept constant with difficulty. The followings metabolic changes have been observed (Dock39) consistently in healthy volunteers at complete bed rest: wasting with loss of nitrogen, sulfur, potassium, and phosphorus from the cellular mass of body tissue (Cuth-bertson24); negative nitrogen balance even with high protein intake; loss of calcium with atrophy of bone; loss of vasomotor tone and decrease of blood volume; and decreased sugar tolerance (Blotner73).
In our cases, the clinical charts were reviewed, and an approximate idea of the time of bedfastness was obtained, particularly in those patients with repeated hospitalizations. Many of the patients had been invalided, although not completely bedridden, with marked limitation of physical activity. Adequate data were obtained from the charts of 71 patients, and are presented in table 13. The duration of bedfastness ranged from one month to five years. Fifty-six of 71 patients were bedridden for four months or less, and the remaining 15 patients (3 with simple and 12 with brown atrophy) from five to sixty months. Thus, the dura-tion of bedfastness was longer in the group with brown atrophy of the heart than in the simple atrophy group.
M31alnuitrition-Inanition: The recent studies of Keys and others33-41 on human starvation and its consequences indicate anatomic and functional impairment of the circulatory system. Furthermore, it has been long known that the average weight of the heart in emaciated patients is less than that of well nourished pa-tients14 15 72 . With this in mind, we evaluated the nutritional state, extent of body weight loss, and the mechanism of weight loss in our patients with atrophy of the heart.
In describing the nutritional state as being defective, we wish to emphasize that there were probably multiple deficiencies, including protein, fat, carbohydrate, and vitamins. The term "nutritional failure" would probably be more apropos, indicating varying degrees of mixed deficiencies existing simultaneously74. In our patients, a rough index of the general nutritional state was obtained from the description of the amount and character of subcutaneous fat and skeletal muscle, turgor, and elasticity of the skin. At autopsy, 45 patients were severely emaciated ("skin and bones") ( fig. 12 ), 33 poorly nourished, 6 moderately well nourished, and one was actually obese (table 14) . The latter was a 39 year old white woman with Hodgkin's sarcoma, whose weight decreased from 100 to 83 Kg. during the eleven months of her illness. She had been completely invalided during the last three months of life. Her heart weighed 240 grams, and showed simple atrophy. It appears that there were more emaciated patients in the brown than in the simple atrophy group, which may be related to the older age of members of the former group and to the higher incidence of carcinoma in this group (table 4) .
During the protracted course of their illnesses, the majority of patients received either therapeutically or prophylactically multivitamin therapy. Doubtless the incidence of avitaminosis was higher than specifically noted in the clinical charts or autopsy protocols. Specific vitamin deficiency was noted in 10 patients only: B complex deficiency in a, vitamin A deficiency in 2, vitamin K in 2, and multiple vitamin deficiency in one.
Sufficient information was available in the records of 66 the body weight at autopsy from the patient's weight at the onset of his illness. The total group lost 25.9 per cent of the body weight with a range of 5 to 60 per cent. The brown atrophy group lost slightly more than the simple atrophy group; 27 per cent and 24 per cent respectively. The range of the brown atrophy group was 10-52 per cent (6 to 58 Kg.), and of the simple atrophy group 5 to 60 per cent (3 to 46 Kg.). In the total group, the men lost 27 per cent of body weight and the women 25 per cent.
In experimental starvation of man,32 43 diets Mwere designed to cause a loss of 25 per cent of the original body weight in a period of six months. Since our patients with proved atrophy of the heart lost a similar proportion of body weight over a period of months to years, we believe that the experimental subjects also may have developed atrophy of the heart. The similarity of blood pressure changes, roentgenographic studies, and electrocardiograms of our patients with atrophy of the heart and of experimentally starved men will be presented subsequently. In experimental human starvation the basal metabolic rate decreased to approximately minus 30 per cent when 25 per cent of the body weight was lost. Although the basal metabolic rate was not determined in our subjects, it is probable that there was a similar decrease. Duncan97 states that the reduction in metabolism in starvation is proportionately greater than the reduction in body mass. Master94 has applied the principle of the reduction of metabolism by means of undernutrition, in the therapy of patients with congestive heart failure, angina pectoris, and coronary artery thrombosis.
Although atrophy of the heart occurs as part of generalized body atrophy, large hearts may be found in patients with wasting due to hypermetabolism, as in hyperthyroidism. In experimentally induced hyperthyroidismt6, large hearts were similarly produced, although the animals lost 25 to 35 per cent of their original body weight. Apparently, if the activity of the phy of the heart had a "disuse atrophy"7,67 cardiovascular apparatus is kept at a high since the work was so markedly reduced. level, even when the rest of the body is under-As to the mechanism of weight loss, defective going atrophy, atrophy of the heart will not ingestion was an important factor in producing occur. In a broad sense, our patients with atroa deficient nutritional state. Eighty-seven and 1 per cent) is significant, indicating that the failure to ingest food was more important in producing starvation than was the failure to utilize it. Parenteral feedings were inadequate to supply the energy requirements in these patients, even though physical activity was limited by their disease. We cannot satisfactorily explain the anorexia, although we can speculate, invoking the factors of prolonged recurrent low-grade fever, effects of radiation, of pain, of postoperative exhaustion, of chronic anemia, of depressed mental states, and the vague effects of metastases on the general state of the patient's well being. Prolonged low-grade fever occurred in 42.4 per cent of our subjects (36 of 85 patients), for periods ranging from weeks to months. In addition, there was the more marked fever during the terminal part of their illnesses, due in 46 patients to extensive bronchopneumonia. In patients with Hodgkin's disease, tuberculosis, bronchiectasis, and lymphosarcoma, the temperature was more markedly elevated with greater fluctuations over longer periods of time.
In 41.7 per cent (35 of 85 patients) extensive major surgical prodecures had been performed. An almost equal number of major operations was performed in both the brown and simple atrophy groups, i.e., 17 and 18 respectively.
Twenty patients (11 with brown and 9 with simple atrophy) had irradiation therapy in the course of their illnesses. There was no significant increase in the incidence of brown atrophy in those who received irradiation therapy as there were 1 1 patients with brown atrophy in the 20 who received irradiation therapy and 33 patients with brown atrophy in the 65 who did not receive this therapy. Our observations are in accord with those of Thibaudeau and Mat-tick75, who similarly concluded that the incidence of brown atrophy and the degree of atrophy were not related to irradiation. However, we cannot deny that the results of irradiation therapy did not play some role in the pathogenesis of generalized atrophy and atrophy of the heart, possibly through the production of anorexia and vomiting (irradiation sickness).
Cardiac Status
Size, Activity, and Murmurs: Clinically, on the basis of physical examination and roentgenologic examination of the chest, the hearts were considered of normal size in 78 patients, and judged to be slightly enlarged in 7 patients.
Within this group of patients with "normal"sized hearts, there were 4 subjects whose hearts were remarked to be unusually small, with the left border of cardiac dullness well to the right of the left midelavicular line. A diagnosis of "atrophy" of the heart or "microcardia" was made radiologically in 2 of these patients. In 3 patients the area of cardiac dullness decreased perceptibly during the course of the illness, over a period of seven, twelve, and twenty-four months respectively. In one patient the heart changed from a previously large size (13 cm. to the left of the midsternal line in the fifth intercostal space) to a normal size of 9 cm. The hearts of two other patients were originally within normal limits, and became even smaller. It is interesting that of the 7 patients with clinically "enlarged hearts" 5 were or had been hypertensive, and 2 were normotensive. The individual heart weights at autopsy were 210, 244, 225, 230, 230, 190, and 200 Gm. respectively. The average weight of the hearts of this group was identical with the average weight of those of the entire atrophy group, i.e., 219 Gm. Thus, the apparent increase of heart size was due to dilatation. Of the 4 previously mentioned patients with unusually small hearts, none had hypertension. Their individual heart weights were 155, 190, 220, and 99 Gm., with an average of 166 grams, significantly lower than the average. The precordial activity of the patients in the entire group was decreased, with diminished visible and palpable activity.
The heart sounds were of normal intensity in 66 patients, distant or faint in 18, and in only one patient were the heart sounds loud. The latter had hypertension (185/100) which was maintained throughout his illness. Decrease of intensity of the heart sounds was noted in serial examination in 3 patients over periods of one, three, and six years, respectively. Uniformly, ill the quality of the heart sounds was described as being soft, faint, and distant. One patient had tick-tock sounds with a rate of 64 and a small heart.
Murmurs were heard in 25 patients (29.4 per cent) . Only 3 of twenty-five patients had organic valvular heart disease, at autopsy; rheumatic mitral stenosis and insufficiency with aortic stenosis in 2 patients, and chronic mitral valvulitis and acute verrucous endocarditis, one patient. The murmurs were typical of the lesions. All but one of the 22 remaining patients had faint, soft, low-pitched blowing early systolic murmurs of short duration, localized to the apical region in 17, and heard over the entire precordium in 4 patients. One patient, Hypertensives .85.7
Total group .74.5 mentioned above, had an unexplained faint, early, apical diastolic murmur which disappeared when this subject was in the upright position. No valvular lesion was found at autopsy to explain this murmur. Since 14 patients had hemoglobin values of less than 50 per cent, it may be possible to ascribe the murmur to anemia. In the other 8 patients the origin of the murmurs remains unexplained. The systolic murmurs may be explained on a morphologic basis. The valvular structures do not undergo as much atrophy and shrinkage as does the myocardium, and the chordae tendineae are relatively long and slack. During systole, the A-V valves may possibly balloon toward the atria and, because of the relative length of the chordae tendineae, cause an insufficiency and systolic murmurs.
The possible relationship of healed, nondeforming valvulitis to the presence of the abovenoted murmurs was also studied. Healed nondeforming valvulitis occurred in 29 of 85 patients (34.1 per cent) , involving the mitral valve alone in 5 patients, and combinations of all four valves in the remaining 24 patients. In 8 of the 22 patients with murmurs there was healed nondeforming valvulitis, which apparently played no role in the genesis of the murmurs, in view of the fact that 21 patients with similar healed nondeforming valvulitis presented no murmurs.
Cardiac Mechanism: Regular sinus rhythm was present in all 85 patients. In 3 patients only were there occasional premature beats. One patient had paroxysmal auricular fibrillation after mastectomy, and conversion to regular sinus rhythm was accomplished through quinidine therapy.
Blood Pressure: There was a definite trend for the blood pressure to fall during the course of the illness in patients with atrophy of the heart. The standards recommended by the Npw York Heart Association20 were used to classify the blood pressure (hypertension: over 140 systolic and 90 diastolic; normotension: between 139/89 to 100/60; and hypotension: less than 100/60). Of the total group, 75.3 per cent (64 patients) had normal or low blood pressure, and 24.7 per cent (21 patients) had hypertension. Multiple blood pressure readings before and during illness were available in 55 patients, and indicated a trend of the blood pressure to fall significantly during the illness in 76.4 per cent (41 of 55 patients) (table 16) . A persistent fall of 20 mm. Hg diastolic pressure was considered tobea significantchange. Thetwohypertensive patients who sustained their blood pressures are worth noting, in that one had carcinoma of the stomach with metastases, and maintained the blood pressure between 230/140 to 190/140, and the other had multiple pulmonary abscesses and his blood pressure ranged between 150/100 and 185/100. To summarize table 16, 85.7 per cent (12 of 14) of hypertensive patients, and 70.7 per cent (29 of 41) of normotensive patients had significant fall of blood pressure. The former figure compares most favorably with those presented by advocates of various methods of therapy for hypertension, such as rice diet, sympathetic denervation, and low-salt diet."8
There was a definite trend for the pulse pressure to become narrow as the blood pressure fell during the course of the illness, similar to the observations in experimental human starvation, and in the concentration camps. 95 The fall in systolic pressure exceeded that of diastolic pressure. In the early clinical course of the disease, the average pulse pressure of the 55 patients with multiple blood pressure readings was 52 mm. Hg, with a range of 26 to 90 mm. The average pulse pressure for the same group in the terminal part of the illness was 41 mm. Hg, with a range of 15 to 78 mm., a drop of 11 mm. Hg in the average pulse pressure. Changes in pulse pressure in 55 patients occurred as follows: 23 had pulse pressure which had not changed significantly (within plus or minus 10 mm. Hg of their previous levels); 27 had fall of pulse pressure of more than 10 mm. Hg with a maximum fall of pulse pressure of 59; only 5 had a widening of pulse pressure of more than 10 mm. Hg, with one patient having a maximum rise of 28 mm. of mercury. The decrease of pulse pressure is believed to be due to decreased systolic discharge, because cardiac output is reduced.
Venous pressures and circulation time studies were made in 2 patients only and the values were normal.
Roentgenographic Studies: Roentgenographic studies of the chest were made in 67 of 85 patients during the terminal part of their illnesses, at which time it is reasonable to believe that atrophy of the heart was present. Seven showed slight cardiac enlargement, and 60 had normal or smaller than normal hearts. The diagnosis of "microcardia" was made by the radiologist in 2 patients. No characteristic configuration of the cardiac silhouette was noted. Actually, the pulmonary conus was enlarged in only one patient.
Various measurements and ratios were calculated to determine whether there was a constant relation between the transverse diameter, or cardiothoracic ratio, and the actual weight of the heart at autopsy, and whether the Ungerleider table applied for obtaining the theoretic transverse diameters of the atrophic heart silhouette for various heights and weights.
Transverse diameters were measured as the sum of the maximal distance of the right border from the midsternal line and of the maximal distance of the left border from the midsternal line. The transverse diameter ranged from 9.5 cm. to 15.5 cm., with 25.6 per cent of the patients having diameters below 11.0 cm., 38.5 per cent between 11.0 to 13.0 cm., and 35.9 per cent between 13.0 to 15.5 cm. The range of transverse diameters of atrophic hearts, thus, is identical with that considered normal."8
Equally unsatisfactory as an index of atrophy of the heart was the cardiothoracic ratio (between transverse diameter of the heart and the internal diameter of the thorax). The cardiothoracic ratio ranged from 0.32 to 0.55, with 33.3 per cent from 0.32 to 0.40; 41.5 per cent from 0.41 to 0.50, and 21.6 per cent from 0.51 to 0.55. The normal range is from 0.33 to 0.57.18 Similarly, there was no apparent correlaton between the heart weight at autopsy and the cardiothoracic ratio. For example, the patient with the smallest cardiothoracic ratio (0.32) had a heart weighing 260 Gm., while another patient with a cardiothoracic ratio of 0.55 had a heart weighing 180 Gm. Still another patient with a cardiothoracic ratio of 0.53 had a heart weighing 300 Gm.
The theoretic transverse diameters of the heart silhouette for various heights and weights were obtained from an Ungerleider table, and a comparison made of the theoretic and actual tranverse diameters. In 13 patients of the 40 whose x-ray films were available, the Ungerleider chart could not be applied because their body weights were below those included in the table. In the remaining 27 patients we found that 52, 67, 70, and 74 per cent had actual transverse diameters which fell within a range of plus or minus 10, 15, 20, and 25 per cent, respectively, of the theoretic transverse dimeter. Only 52 per cent (14 patients) fell within the normal range, plus or minus 10 per cent of the theoretic transverse diameter. Thirteen patients fell outside of this range, 11 above and 2 below the upper and lower limits respectively.
Since only 74 per cent fell within plus or minus 25 per cent, it is obvious that in our patients with atrophy of the heart the prediction tables of Ungerleider do not obtain. age group have cardiac enlargement. Because many of the smallest hearts had larger transverse diameters and cardiothoracie ratios than the heavier ones, dilatation must have been present in many instances. In 1833 Bertin5 recognized clinically that the atrophic heart may be dilated, with thin walls and normal or enlarged chamber capacity.
Clinical Diagnosis of Heart Disease: In none of our patients with proved atrophy of the heart was the clinical diagnosis made ante mortem. The electrocardiogram of one patient was reported as being consistent with the changes found in inanition. In 22 In summary, the transverse diameters of the atrophic heart by roentgenogram are within the lower part of the normal range ( fig. 13, 14,  and 15 ). This is significant, particularly since ordinarily a large percentage of patients in this agnosis of heart disease had been made at some time in the past or terminal illness 16 in the brown and 6 in the simple atrophy group. The 22 patients had the following diagnoses: 19 hypertensive and arteriosclerotic heart disease, one arteriosclerotic heart disease, one thyrotoxic arteriosclerotic heart disease, and one rheumatic heart disease with hypertension. The patient with thyrotoxic arteriosclerotic heart disease was a 63 year old woman with chronic bronchitis and bronchial asthma, who four years preceding her final admission had auricular fibrillation and hyperthyroidism. After thyroidectomy, the mechanism reverted to regular sinus rhythm. The patient with rheumatic heart disease was a 65 year old woman with bronchogenic carcinoma and aortic and mitral stenosis and insufficiency, with a sustained blood pressure of 160/112. The incidence of arteriosclerotic heart disease was higher in the brown than in the simple atrophy group. The three patients who died with clinically diagnosed heart failure (slight) belonged to the group of 22 patients in whom the clinical diagnosis of heart disease had been made. None of the remaining 63 patients with atrophy died in clinically recognized heart failure.
Clinical Cardiac Competence: The validity of the statement that the atrophic heart is usually adequate to meet the mode of life of the individual (Karsner7") is borne out by the low incidence of clinically diagnosed cardiac decompensation in this series, 3 of 85 patients. Because of the infrequency of clinical heart failure in this series, a summary of the 3 patients is given:
The patient, a 73 year old woman with carcinoma of the ovary and widespread peritoneal and abdominal metastases, was a known hypertensive (blood pressure 180/100) with a history of exertional dyspnea and slight ankle edema for "many years." During the final hospital course the blood pressure fell to 120/85. The heart was enlarged to the anterior axillary line. The electrocardiogram showed left axis deviation, prolonged electrical systole, and occasional premature auricular contractions. There was a systolic murmur at the apex. The patient was transferred to a nursing home with the cardiac diagnosis of hypertensive heart disease, Class II, with cardiac enlargement. A week later she died. At autopsy, in addition to the adenocarcinoma of the ovary, there were passive hyperemia of viscera and arterial and arteriolar nephrosclerosis. The heart weighed 210 grams, and was the seat of brown atrophy. There was acute diffuse myocarditis confined to the right ventricle, cause undetermined.
Comment: From the clinical history and autopsy findings the chronic mild heart failure preceded the clinical onset of carcinoma of the ovary by several years. The clinical impression that the heart was enlarged was undoubtedly due to dilatation, and not hypertrophy. (There was no pneumonitis, or other infection, to which the myocarditis could be re- Comment: This patient showed clinically mild signs of heart failure, on the basis of hypertensive disease.
The heart failure in the above patients w-as mild, and was not important clinically. The autopsy protocols were scrutinized wsith the purpose of discovering whether any other patients had died in heart failure and had been overlooked clinically. In 16 patients, passive hyperemia was found at autopsy, although clinically the diagnosis of heart failure had not been made. Since passive hyperemia is one of the most important sequences of diseases other than heart disease,7" the records of patients with passive hyperemia were reviewed to ascertain the origin of the process, if possible.
In 5 patients, there was obstruction of the pulmonary artery by emboli, with pulmonary infarction in 4 patients. In addition, there was metastatic involvement of the lungs, liver, adrenal glands, and kidneys, all of which were also the seat of passive hyperemia. It is reasonable to describe this failure as being a terminal event, and secondary to pulmonary artery obstruction. The similarity of symptoms and signs of pulmonary embolism and/or infarction to heart failure has been previously discussed.77
In one patient there was passive hyperemia of the viscera which could be attributed to the obstruction of the inferior vena cava by metastases of carcinoma of the rectum. In addition there were metastases in the lungs, liver, and kidney. In the remaining 10 patients, there was passive hyperemia of the lungs, liver, kidneys, spleen, and gastrointestinal tract. Since most of the organs with passive hyperemia were also involved by serious disease, tumors, and infections, we are unable to clarify the exact cause of the passive hyperemia. If we consider the passive hyperemia to be cardiac in origin, the heart failure must have been of a mild, subclinical level, and probably insignificant.
Sudden cardiac insufficiency did not occur in any of our patients with brown or simple atrophy. Fahr79 reported 2 patients with brown pigmentation of the heart without cachexia who died of cardiac insufficiency during convalescence from a previous illness. It is possible that the hearts were the seat of atrophy and failed because of the increased load imposed during convalescence.28 95 Electrocardiograms: Electrocardiograms of 18 patients were made. In 2 patients, records were made very early in the course of illness (first of thirteen months of illness, and first of an illness of ten years' duration). Their records were normal and have been excluded because it is reasonable to assume that atrophy of the heart had not yet developed. In the remaining 16 patients with tracings made during the middle or late part of the clinical course, the following data were obtained. The constant K was calculated, the formula K = VR-R being used.8' The amplitude of the QRS complexes and T waves was measured in all leads. For the estimation of the over-all magnitude of the former, the sum of the amplitudes (R plus S) in Leads I, II, and III was obtained. Angle alpha was measured on the Einthoven triangle. Table  17 shows a summary of the electrocardiographic findings.
Interval changes and electrical systole. The Q-T interval was prolonged beyond the upper limit of normal in five patients (B 21, 34, and 42; and S 10 and 27), with KQT ranging from 0.43 to 0.52.
The P-R interval was prolonged in 3 patients, in each 0.22 seconds. The QRS complexes had a mean duration of 0.072 seconds with a standard deviation of 0.011 seconds and standard error of mean of 0.003. The maximum duration was 0.10 seconds, and the minimum was 0.06. In the normal series of Shipley and Halloran,98 the mean duration was 0.086 seconds. In our series of atrophy of the heart the shorter duration of the QRS complex is significant and indicates a decrease in the time for depolarization of the ventricular myocardium. In hypertrophy on the other hand, the opposite obtains.8' Electrical axis. In 11 patients the electrical axis was in the normal zone (0 to 90 degrees); in 4 patients there was a shift of the axis toward the left: -3, -8, -30, -30 (the last two were considered abnormal). One patient had right axis shift with an angle alpha of 97 degrees. In a patient with carcinoma of the breast the electrical axis shifted from 0 to -30 degrees.
Amplitude of complexes. The electrocardiograms of 9 patients showed low voltage of the QRS complexes. Six were abnormally low with a sum total of all deflections of the conventional limb leads of less than 15 millimeters. In 3 additional cases there was a tendency to low voltage with a sum total of 18 mm. each. None of these patients had pericardial effusion. At autopsy, only one patient of this group with low voltage had a pericardial lesion which might account for the low voltage. This patient had fibrous adhesions between the visceral and parietal pericardium, completely obliterating the pericardial sac, but not producing compression. The etiologic basis of the pericarditis was not determined.
The T waves were abnormally low, flat, or negative in 11 of 16 patients. In 6 patients the T waves were isoelectric or negative, and were probably primary T-wave changes. In 2 of 3 patients with multiple tracings the T waves became progressively lower ( fig. 16 ). In one patient, the T waves changed from low amplitude to isoelectric, and in one from isoelectric to negative.
The RS-T segment was abnormal in seven patients, being depressed in Leads II and III in three, and depressed in Leads I and II in four patients. A tentative diagnosis of possible right heart strain was made in Patient S 39, and of left heart strain in Patient B 42. The P waves were of normal amplitude and duration in 9 patients, of low amplitude in five, broad in Lead II in one, and peaked and narrow in Leads II and III in one.
The unipolar chest leads also showed low voltage of the QRS complexes and negative or flat T waves in Leads V, through V5 ( fig. 17 ).
Mechanism and rate. The rate ranged from 53 to 130 beats per second, with an average of 92 and a majority below 88. In 3 patients with multiple electrocardiograms, the heart rate progressively decreased, from sinus tachycardia in the early or midportion of the course of illness, to normal rates in the late part of the illness. There were 5 patients with sinus tachycardia (over 110) and 2 patients with sinus bradycardia. The remainder had regular sinus rhythm. Sinus arrhythmia was not present in any of our patients. Paroxysmal auricular fibrillation occurred in one patient, a 58 year old woman, after mastectomy, and was successfully treated with the exhibition of quinidine. An electrocardiogram four months later, a week before death, showed regular sinus rhythm. Premature beats were noted clinically in 3 patients, and electrocardiographically in 2 patients (in one auricular, in the other ventricular).
Our results are consistent in the main with those of Katz, Saphir, and Strauss2' in 3 cases of brown atrophy of the heart, and of Ellis,36 Tur,1 Cardoza and Eggink,'7 Simonson and associates43 in clinical and experimental inanition. The general observations of decrease of amplitude of QRS complexes and T waves have been noted in famines, and in diseases where there is marked inanition, such as lupus erythematous disseminatus (Liebow and Feil82). Sinus bradyeardia, however, was not as frequent or as marked in our series. This may be due to the high incidence of fever.
Right axis shift was infrequent in our series. The danger of applying significance to axis "deviation" as an index of ventricular hypertrophy is apparent,8 in view of the occurrence of abnormal left axis deviation of -30 degrees in patients whose hearts weighed 200 to 240 grams. The high incidence of prolonged electrical systole may be related to hypocalcemia secondary to the negative calcium balance noted in patients and in human experimental subjects after prolonged bed rest and inanition.
In summary, of 16 patients with electrocardiograms made during the mid or late part of their illness, 13 had definitely abnormal records, with main findings of low voltage of the QRS complexes and T waves, and prolongation of electrical systole. Serial records showed progressive diminution of voltage of all complexes, and slowing of rate and prolongation of P-R and Q-T intervals. Duration of QRS complex was in the lower limit of the normal range.
Other Laboratory Studies
Red blood cell counts and hemoglobin determination had been performed on 82 of 85 patients. The other three patients died at home. Sixteen patients had normal values (erythrocyte count of 4.1 millions or above). Sixty-six patients had anemia, of whom 61 had the hypochromic variety and a the hyperchromic, with color indices from 1.10 to 1.40. The patients with hyperchromic anemia had liver or stomach involvement by lymphosarcoma in three patients, cirrhosis in one patient, and metastatic carcinoma in one patient (table 18) .
Anemia per se, regardless of the type, is known to produce enlargement of the heart owfing to dilatation and at times actually to hypertrophy8386. This process is reversible. As anemia improves, the heart returns to its previous normal size84. However, it appears that if anemia is accompanied or produced by debilitating, wasting diseases, such as were present in our series of subjects, atrophy instead of hypertrophy of the heart will ensue. This is well illustrated by the marked atrophy of all organs, including the heart, reported in persons with tropical sprue, in which disease a severe macrocytic anemia, indistinguishable from pernicious anemia, is the main clinical feature88 89.
Serum protein determinations were obtained in 31 of 85 patients. Nineteen of 31 patients (61 per cent) had abnormal levels (table 19 ).
In patients with liver involvement by tumor metastases, lymphosarcoma, cirrhosis, and dermatomyositis, there was an absolute increase of globulin above the level of 2.5 Gm. per 100 cc. of blood. Changes in the albumin-globulin ratio occurred in 25 patients, in whom the ratio fell below 1.:1. the above patients. One patient had a serum calcium of 7 Gm./100 cc. and a normal electrocardiogram.
Clinical Implications.
In experimental inanition, and in experimental prolonged bed rest, the changes in the cardiovascular system resemble remarkably those found in our patients with proved atrophy of the heart. The changes include: small hearts, slow pulse rate, small pulse volume, and decrease of blood volume, blood pressure, cardiac output, basal metabolic rate, and exercise tolerance, and characteristic electrocardiograms. It is reasonable to believe, therefore, that atrophy of the heart was produced after medical or surgical illnesses may similarly be due to atrophy of the heart.
The low incidence of heart failure in our series is undoubtedly related to (1) the decreased work of the cardiovascular system, and (2) change in myocardial fiber size and capillaryfiber ratio. The loss of body mass and the decreased physical activity associated with prolonged bed rest lowers the energy requirements of the body40. The basal metabolism was lowered on an average to -30 per cent in experimental human starvation and in the starvation of war prisoners. Master94 secured a similar reduction in basal metabolism with benefit to his patients with myocardial infarction.
Since the heart participates in the general atrophy of the body, it is possible to speculate that in starved patients with cardiac hypertrophy the reduction of heart mass results in a diminution of muscle fiber mass to such an ex-approximately proportional to the degree of cardiac hypertrophy. Thus, a diminution of muscle fiber size would be the equivalent of favoring of the coronary blood supply, with a lesser distance for oxygen to diffuse.
Weight reduction has been long known to be one of the few beneficial procedures in the treatment of hypertension. The result of currently popular diets (rice, low-salt, low-protein, lowcalory) may in part be due to the absolute weight loss of the body and to a concomitant loss of heart mass with relatively improved capillary-myocardial fiber ratio. 
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Total .. 31   FIG. 17. -Electrocardiogram of a 58 year old white woman with carcinoma simplex of the breast with widespread metastases. Record made seven days before death shows low voltage of all complexes in limb and precordial leads. The heart weighed 240 grams, and the right ventricle measured 4 mm. and the left ventricle 14 mm. in thickness. tent that the relative blood supply of each fiber is correspondingly improved. Roberts, Wearn, and Badal7t have shown that in hypertrophic hearts there is an increase in the distance from the center of a given myocardial capillary to the periphery of its region of supply, which is In general, cardiac patients benefit from reduced metabolism, lowered blood pressure, and a decrease of heart size. Cardiac atrophy by means of a program of undernutrition may be a suitable method for the treatment of selected patients with congestive heart failure, and those with absolute or relative coronary insufficiency with or without hypertension. However, the hazards of starvation and the problems of rehabilitation must be emphasized. After prolonged starvation, heart failure may occur, during the twelve to twenty weeks of rehabilitation, if the metabolic requirements increase more rapidly than the cardiac capacity. Ex-perimentally, decompensation which occurred during this period was due to the greater circulatory load of increased body activity and increased food ingestion". Hence, if a starvation regimen were applied therapeutically to produce moderate cardiac atrophy, during convalescence, appropriate care should be taken to allow the myocardium fiber mass to increase sufficiently to handle a larger load. The permanency of these gains should be determined by clinical trial. GENERAL SUMMARY Eighty-five cases of atrophy of the heart were encountered in a review of 2,000 consecutive autopsies performed in the Institute of Pathology, Western Reserve University, from 1941 to 1946. Forty-four subjects had excess pigmentation, and 41 had simple atrophy without pigmentation. Atrophy in the former group was called brown atrophy, and in the latter simple atrophy.
Atrophy of the heart predominates in adult life, with 78.8 per cent of our patients being 40 years of age or older. The average of the total group was 52 years, of the brown atrophy group 62 years, and of the simple atrophy group 42 years. The older age of members of the group with brown atrophy is related to the observation that pigment deposition occurs normally with advancing years, and thus when atrophy supervenes in older patients the increase which appears to be absolute may in large part be relative.
Atrophy of the heart occurred in conjunction with a variety of diseases, most important of which were neoplasms (73 per cent, or 62 of 85 patients) and chronic infection (16 per cent). The high incidence of malignant tumors of the female reproductive system probably accounts for the absolute and relative predominance of women in our series.
The diagnosis of atrophy of the heart was based on the following criteria: (1) decreased weight, (2) increased pigmentation of muscle fibers, (3) serous atrophy of subepicardial fat, (4) wrinkling of epicardium, (5) tortuosity of coronary arteries, (6) increase of nuclei-fiber ratio, (7) decrease of muscle fiber width.
The range of heart weight for the entire group was 99 to 300 grams, with a mean of 219
Gm. ±36.5. The mean weight of the brown atrophy group was 231 ± 38.7, and of the simple group 202 ± 34.6. In both groups, the mean heart weight of the males was greater than that of the females, namely, 240 and 20( Gm., respectively. There was a significant correlation between heart weight and body weight (r = 0.463) and
between heart weight and body length (r = 0.383). The average heart to body weight ratio was 0.48. Since the normal ratio is approximately 0.57, in atrophy of the heart the heart loses mass to a greater degree than does the rest of the body. Gross and microscopic descriptions of the atrophic heart revealed significant differences between simple and brown atrophy. In the former the color of the myocardium was less intensely brown and the consistency was not as much increased as in the latter. The external measurements, base to apex and transverse diameters and ring circumferences of the mitral, aortic, pulmonic, and tricuspid valves, were all in the lower limit of the normal range. Microscopically, there was an increased amount of golden-brown peripolar pigment in brown atrophy. In some cases the pigment occupied the entire region of muscle fiber between nuclei. In 51 patients the myocardial fibers were markedly narrowed and shortened, although longitudinal and cross striations were preserved. The nuclei varied in size and shape, with an increased number of hyperchromatic shrunken nuclei in both groups. Occasionally, large blunt nuclei, similar to those observed in hypertrophy, and small nuclei were found in the same section. The subepicardial fat was decreased in amount and was the seat of serous atrophy.
The common factors predisposing to generalized body atrophy and therewith heart atrophy were considered to be (1) prolonged illness from two months to seventeen years, (2) prolonged bedfastness, and (3) malnutrition producing an average of 26 per cent body weight loss. Defective ingestion of food related to anorexia (87 per cent of patients) was considered the most important factor in producing a deficient nutritional state. Prolonged lowgrade fever, repeated operative procedures, and radiation therapy were considered as being contributory directly or indirectly to the production of body wasting.
Clinical examination revealed small inactive hearts, with normal or faint heart sounds. Murmurs were heard in 25 patients, of whom 3 had rheumatic valvular lesions with typical murmurs. In 21 of the 22 remaining patients the murmurs were systolic, faint, and of short duration, and were heard best at the apex or over the entire precordium. In one patient there was an unexplained diastolic murmur. In 14 patients it may be possible to ascribe the cause of the murmur to anemia, but in the other 8 patients the origin remains obscure.
There was a definite trend for the blood pressure to fall during the course of the illness in which atrophy of the heart developed. Seventy-one per cent of normotensives and 86 per cent of hypertensives had significant falls of blood pressure (diastolic fall of more than 20 mm.Hg.).
The validity of the statement that the atrophic heart is usually adequate to meet the mode of life of the individual was borne out by the low incidence of clinically diagnosed cardiac decompensation in this series (3 of 85 patients).
Roentgenographic examinations of the chest revealed normal or small hearts. Measurements of the transverse diameter of the atrophic heart are within the lower limit of the normal range.
The prediction tables of Ungerleider did not obtain in our series.
The electrocardiograms were remarkably similar to those observed in experimental starvation. The significant findings were low voltage of the QRS and T waves, and prolongation of electrical systole and the P-R interval. Serial records showed progressive diminution of voltage of all complexes.
Clinical Implications: The recovery of experimentally starved animals and man, and of inmates of concentration camps, indicates the reversibility of atrophy of the heart and body. The decrease of blood pressure and heart weight of our hypertensive patients indicates that hypertrophy may proceed to atrophy in proper Circumstances. Hence, it is conceivable that there are clinical conditions in which it would be desirable to produce slight or moderate body and cardiac atrophy in order to reverse or halt a process of hypertrophy. The production of cardiac atrophy by controlled undernutrition would decrease cardiac work. The permanency of these gains and the problems of rehabilitation should be determined by clinical trial.
